In this talk we discuss how the down type left-right squark mixing in Supersymmetry can induce a new source of CP violation in the time dependent asymmtries in B → φK process. We use QCD improved factorization process to calculate the hadronic matrix element for the process and find the allowed parameter space for ρ and φ, the magnitude and phase of the down type LR(RL) squark mixing parameter δ bs LR(RL) . In the same allowed regin we calculate the expected CP asymmtries in the B → φK * process.
Introduction
Time dependent asymmetries measured in the decay B → φK S both by BaBar and Belle collaborations [1, 2, 3, 4] show significant deviation from the standard model and this has generated much theoretical speculation regarding physics beyond the standard model [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . In the standard model, the process B → φK S is purely penguin dominated and the leading contribution has no weak phase. The coefficient of sin(∆m B t) in the asymmetry therefore should measure sin 2β, the same quantity that is involved in B → ψK S in the standard model. The most recent measured average values of asymmetries are [4, 22] S ψKS = 0.734 ± 0.055 S φKS = −0.15 ± 0. 33 (1)
The value for S ψKS agrees with theoretical expectation from the CKM matrix of S ψKS = sin 2β = 0.715
−0.045 [23] . This leads to the conclusion that CP phase in B −B mixing is consistent with the standard model. The deviation in the φK S is intriguing because a penguin process being a loop induced process is particularly sensitive to new physics which can manifest itself in a loop diagram through exchange of heavy particles. In this talk [24] we consider effects arising from non universal squark mixing in the second and third generation of the down type squarks in supersymmetric theory as the origin of additional contributions to the amplitude within the mass insertion approximation scheme. In particular, the exchanges of gluinos (g) and squark (q) with left-right mixing can enhance the Wilson coefficient of the gluonic dipole penguin operator O 8g by a factor of mg/m b compared with the standard model prediction and we take into account its effect on the process B → φK S . In our analysis we take the B −B mixing phase the same as in the standard model as required by ψK S data, and permitted in SUSY by requiring that the first and third generation squark mixing to be small. We study B → φK in QCD improved factorization scheme (BBNS approach ) [25] . This method incorporates elements of naive factorization approach (as its leading term ) and perturbative QCD corrections (as sub-leading contributions) and allows one to compute systematic radiative corrections to the naive factorization for the hadronic B decays.
In supersymmetry, assuming masses of squarks (q) and gluinos (g), the new source of CP violation can be parameterized by the complex quantity δ bs LR (RL) written in the form ρe iψ We identify the region in ρ − ψ plane allowed by the experimental data on B → φK time dependent asymmetries S φKS and C φKS and the branching ratio. This allowed region is dependent of the QCD scale µ, therefore we illustrate the region for two values of µ = m b and m b /2. The same contribution should also be present in other penguin mediated process. We study the effect of LR(RL) mass insertion to the B → φK * decay mode which is also a pure penguin process using QCD improved factorization method. We then estimate the branching ratio B(B → φK * ) and the CP asymmetry A CP in the parameter space of δ bs LR(RL) allowed by B → φK data. In this vector vector final state, one can also construct more CP violating observables [26] . We compute these observables in the same range of parameter space as that allowed by B → φK.
CP Asymmetry of B → φK
The time dependent CP asymmetry of B → φK S is described by :
where S φK and C φKS are given by
and λ φKS can be expressed in terms of decay amplitudes:
The branching ratio and the direct CP asymmetries of both the charged and neutral modes of B → φK have been measured [1, 2, 3, 4, 22, 27] :
S φKS = +0.45 ± 0.43 ± 0.07 (BaBar);
= −0.96 ± 0.50
3 The exclusive B → φK decay
In the standard model, the effective Hamiltonian for charmless B → φK(φK * ) decay is given by [25] 
where the Wilson coefficients C i (µ) are obtained from the weak scale down to scale µ by running the renormalization group equations. The definitions of the operators and different Wilson coefficients can be found in Ref. [25] .
B → φK in the QCDF Approach
In the QCD improved factorization scheme, the B → φK decay amplitude due to a particular operator can be represented in following form :
where < φK | O | B > f act denotes the naive factorization result. The second and third term in the bracket represent higher order α s and Λ QCD /m b correction to the hadronic transition amplitude. Following the scheme and notations presented in Ref. [28, 29] , we write down the B → φK amplitude in the heavy quark limit.
M(B
where p is summed over u and c. The coefficients a p i are given by
with C F = (N denotes the form factor for B → K transitions. Φ B (z), Φ K (x), and Φ φ (y) are the B, K, and φ meson wave functions respectively. In this analysis we take following forms for them [28] 
where, N B is a normalization factor satisfying 1 0 dx Φ B (x) = 1, and ω B = 0.4. For the sake of completeness, we give the branching ratio for B → φK decay channel in the rest frame of the B meson.
where, τ B represents the B meson lifetime and the kinematical factor | P cm | is written as
SUSY gluino contributions to B → φK
In order to study the new physics contribution to the CP violating phase of amplitude M(B → φK), we compute the effect of flavor changing contribution to B → φK arising from q −q −g interactions in supersymmetric theory under the mass insertion approximation scheme [30, 31] . In this approximation, the flavor changing contribution is parameterized in terms of δ [31, 32] while the limit on the LL and RR ones is rather mild [31, 32] . Thus, although larger values for LL and RR mixings are allowed, when one considers B → φK, the effect of their mixings are only significant in the parameter space where the squark and gluino masses are at the edge of their experimental constraints [17] . Motivated by this fact, we only concentrate on LR(RL) down type squark mixing in hereafter. Thus, the new physics effect is very sensitive to δ bs LR(RL) .
In general, these contributions LR(RL) can generate gluonic dipole interactions with the same as well as opposite chiral structure as the standard model. In our analysis we will consider each of them separately. Furthermore we will only consider the gluonic dipole moment operator, which is the dominant operator for this process.
The effective Wilson coefficient for C SUSY 8g
obtained in the mass insertion approximation is given by for the same chiral structure as the standard model [33, 34] 
with
where
q is the ratio of the gluino and squark mass. Using the renormalization group equation one can evolve the coefficient C SUSY 8g from the high scale mq to the scale m b relevant for B → φK decay [33] 
One can obtain C The different input parameters and their values used in numerical calculation of branching ratio and CP asymmetries are given in Ref. [24] .
LR(RL) mixing
In this section we study the effect of LR(RL) mixing in B → φK process. This LR(RL) mixing of the down type squark sector can also affect the B → γX s process and B s −B s mixing. Hence we need to take into account the limit on LR(RL) mixing parameter δ bs LR(RL) from the above two experimental data in the present analysis. In the first case, it has been shown in Ref. [31] that from the measurement of B(B → γX s ) one gets | δ bs LR(RL) |< 1.0 × 10 −2 and 3.0 × 10 −2 for x = 0.3 and 4 respectively, with mq = 500 GeV. It is interesting to note that the lower the x value stronger the limit on | δ bs LR(RL) |, which can be explained by the x dependent behavior of the C SUSY 7γ
. The current experimental data on B s −B s mixing is ∆M s > 14.4 ps −1 ( at 95% C.L.) [36] . We have found that the LR(RL) mixing does not change the value of ∆M s significantly from the standard model prediction in the allowed range of | δ bs LR(RL) |. In our analysis we consider mq = 500 GeV and take two values of x = 0.3 and 4.0, which will determine the gluino masses. In Figure 2 we show the 1σ allowed region in ρ−ψ plane from B → φK data on S φK , C φK and B. The gray band indicate the parameter space which is allowed by S φK . The area outside the two dotted contours is allowed by C φK , while the area enclosed by the solid curves is allowed by the B(B → φK S ) measurement. The region (marked by Z) in gray band enclosed by the solid curves is the only parameter space left in ρ − ψ plane which is allowed by the experimentally measured S φK , C φK and B within 1σ.
The Figures 2(a) and (b) , correspond to contour plots for x = 0.3 and 4.0 respectively at the scale µ = m b . For x = 0.3, we get two allowed regions each at positive and negative values of the new phase ψ. On the other hand for x = 4.0, we get only one allowed region which lies at the negative value of ψ and at much higher value of ρ > 2.2 × 10 −2 . We have noticed before that the constraint on LR(RL) mixing parameter from the B(B → X s γ) is stronger at x = 0.3 compared to the limit at x = 4.0. This behavior is also reflected in the B → φK process, where we find that, for x = 4.0, the 1σ constraint from S φK , C φK and B is much weaker compared to the constraint shown in Figure 2 (a) correspond to x = 0.3.
Similar allowed regions are shown in Figure 2 (c) for a different choice of the QCD scale µ = m b /2. One can see that the allowed parameter space does depend on µ. In this case, both the allowed regions are confined at the positive value of ψ. For x = 4.0 ( Figure 2(d) ), there are no allowed regions. From the S φK and branching ratio contour one can see that the allowed region from B → φK require some higher value of ρ which lies beyond B → X s γ limit.
Before we conclude this section, we would like to compare our predictions with some of the existing literatures on B → φK process [10, 11, 17] .
We agree qualitatively with the results of Ref. [11, 17] in places where we overlap. Similar to our approach, both of these analyses were based upon the QCD improved factorization scheme. However, there are some quantitative differences between these papers and our analysis. For example, we differ in the choice of squark and gluino masses, the authors of the above two papers considered degenerate squark and gluino masses, whereas we have considered non-degenerate squark-gluino masses. We have fixed the squark mass at 500 GeV and considered two values of the gluino masses, determined by the parameter x defined earlier. Secondly, we have performed our analysis for two values the QCD scale, µ = m b /2 and m b . Our results depend strongly on the choice of the ratio x and also on the scale µ. However, in a broad sense, we do agree that to satisfy B → φK data, one requires | δ bs LR(RL) |∼ 10 −3 − 10 −2 .
In Ref. [10] , authors made a detailed investigation of a scenario in which the LR and RR operators co-exist. Moreover, because of the large mixing, the calculation was done in the mass eigenbasis with more model dependence than ours. It has been shown in this analysis that RR insertion (which arises due to a large mixing betweens R andb R ) could show sizable effect on S φK , but only for very light gluino mass, near the experimental bound. Such a large RR mixing also modify ∆M s significantly which can be observed at the Tevatron Run II. In their second case, they have the combination of both large right-right and left-right squark mixing (LR + RR). In this case the squark and gluinos could be sufficiently heavy to have no significant enhancement of the ∆M s .
From our analysis we observe that SUSY leads to a comprehensive understanding of B → φK S data though in a very limited parameter space of δ bs LR(RL) . In rest of the paper we now explore the consequence of such LR(RL) mixing of squarks in the B → φK * process.
B → φK * decay
In this section we will study the effect of LR(RL) mixing of down type squarks to B → φK * process through the gluonic dipole moment operator C 8g . We will study the B → φK * process by using the QCD improved factorization. Using this method one can compute nonfactorizable corrections to the above process in the heavy quark limit. Recently the B → V V process has been computed using QCD improved factorization method [37] . In rest of analysis we will follow Ref. [37] .
The most general Lorentz invariant decay amplitude for the process B → V V can be expressed as
where the coefficients c correspond to the p-wave amplitude, and a, b to the mixture of s and d wave amplitudes. Using these a, b and c coefficients one can construct the three helicity amplitudes:
where p cm is the center of mass momentum of the vector meson in the B rest frame and m V1 (m V2 ) is the mass of the vector meson V 1 (V 2 ). These helicity amplitudes H 00 and H ±± can be related to the spin amplitudes in the transverse basis (A 0 , A || , A ⊥ ) defined in terms of linear polarization of the vector mesons: The decay rate can be written as
Neglecting the annihilation contributions (which are expected to be small) to B → φK * , H 00 and H ±± are given by:
where, a n (φK * ) = a n 3 + a n 4 + a n 5 − (a n 7 + a n 9 + a n 10 )/2. The effective parameters a i appearing in the helicity amplitudes H 00 and H ±± given in Ref. [37, 24] and other input parameters are given in Ref. [24] .
In Table 1 , we display the experimentally (BaBar, CLEO and Belle) measured branching ratios and the weighted averaged values for the B + → φK * + andB 0 → φK * 0 . The theoretical predictions in the SM for two different form factor models, the LCSR and BSW models are given in Ref. [37] . Table 2 . B(B + → φK * + ) and ACP (B + → φK * + ) at the QCD scale µ = m b for LR mass insertion for selected points in the allowed ρ − ψ space. The numbers in the parenthesis correspond to the RL mass insertion. The standard model branching ratio corresponding to this scale is (6.18
. The errors are due to ±10% theoretical uncertainties in the calculation.
LR(RL) mixing contributions to B → φK *
In this section we will study the effect of LR(RL) mixing in B → φK * process. This LR(RL) mass insertion can enhance the Wilson coefficient C 8g by a factor of mg/m b compared to the standard model contribution in the same way as shown in section 5 for B → φK process. Hence, one need to impose the constrain on LR(RL) mixing from experimentally measured B(B → X s γ) and also from S φK , C φK and B(B → φK) as obtained section 5.
In this scenario, the new weak phase ψ, (the phase of the LR(RL) mixing ) will contribute to direct CP-violating asymmetry A CP defined as :
in terms of partial widths. Recently BaBar and Belle Collaboration has presented their measurement of CP violating asymmetries for B 0 → φK * 0 and B ± → φK * ± [40, 42] A CP (B 0 → φK * 0 ) = 0.04 ± 0.12 ± 0.02, 0.07 ± 0.15
A CP (B ± → φK * ± ) = +0.16 ± 0.17 ± 0.04, − 0.13 ± 0.29
where, in each asymmetry result, the first number correspond to the BaBar data while the second one correspond to Belle measurement. The standard model value for this asymmetry is less than 1%. The new physics (SUSY) contributions from the new penguin operator appeared due to LR(RL) mixing Then for a given QCD scale µ, we select some points in the allowed parameter space of ρ − ψ plane (as marked by Z in Figure 2 ) for both values of x. In this computation, we include (±10%) theoretical uncertainties.
In Table 2 , we present the branching ratio B(B + → φK * + ) and the CP rate asymmetry A(B + → φK * + ) for µ = m b and selected values of x = 0.3 and 4.0 for values of ρ and ψ allowed by B → φK S data for LR mass insertion (RL is shown in the parenthesis). The branching ratio with SUSY turn out to be much higher than the standard model value of 6.18 +1.29 −1.15 , which is lower than the experimental data (Table 1) . Even the lower range of theory prediction is much higher than the upper range of experimental data within 1σ. The rate asymmetry has much less error and is consistently within the range ∼ −4% to ∼ 18%.
Similarly in Table 3 , we show B and A CP calculated for QCD scale µ = m b /2. In this case, there are two allowed regions from the combined B → φK and B → X s γ constraints corresponding to x = 0.3. For x = 4.0, there are no allowed regions from B → φK data. The standard model branching ratio is much larger compared to the one computed at µ = m b . In SUSY, apart from the QCD scale µ, the branching ratio also depend on the values of ρ and ψ. Moreover, the selected points in ρ − ψ plane are different in the two cases. In the case, with µ = m b /2, and at ρ = 0.82 × 10 −2 and ψ = 2.8, 2.9 radians, with LR mixing, lower ranges of the theory predictions are consistent with the upper range of experimental data at one sigma. For the other value of ρ and ψ, the theoretical prediction for branching ratio is much higher than the standard model theory as well as experimental data. With RL mixing, the predicted branching ratio is much larger compared to both the standard model prediction and experimental data. The asymmetries for both LR and RL mixing case are always positive with less errors.
We conclude that for some selected points in ρ − ψ plane allowed by B → φK and B → X s γ at µ = m b /2 provide a satisfactory understanding of B → φK * process. We also note that, at µ = m b the SUSY contribution to the branching ratio of B → φK * is too large to be consistent with the experimental data.
We have also studied other CP violating asymmetries that can arise in vector-vector final state. The set of observables are defined in terms of A 0 , A || and A ⊥ as follows [26] .
where λ = {0, , ⊥} and the observables where i = {0, }, We restrict ourselves to the study of helicity dependent CP asymmetry defined as Σ λλ /Λ λλ [26] . For the purpose of illustration we select last two sample points from the Table 3 . At these values of ρ and ψ, with LR mass insertion, the lower range of the B SUSY is consistent with the upper range of the experimental data on B(B → φK * ) at one sigma. We then compute Σ λλ /Λ λλ for each values of λ for these two sets of ρ and ψ and is shown in Table 4 . As before, in this case also we include ±10% theoretical uncertainties in our calculation. We only show the helicity dependent asymmetries for LR mass insertion, since with RL mass insertion the SUSY contribution to the branching ratio is too large to be consistent with the data. Table 4 . Helicity dependent CP asymmetry at the QCD scale µ = m b /2 for LR mass insertion for selected points in the allowed ρ − ψ space. The errors consist of ±10% theoretical uncertainties.
Conclusions
In this talk, we considered the SUSY contribution to the gluonic dipole moment operator to B → φK S process. We found that the LR(RL) mass insertion can enhance the gluonic dipole moment operator significantly. We then used the experimentally measured quantities, such as S φK , C φK and B(B → φK S ) to constrain the parameter space of LR(RL) mixing. Interestingly, we find that the constraints from B → φK data is consistent with the B → X s γ limit. It turned out that the same enhancement of gluonic dipole moment operator could also affect other penguin dominated process, such as B → φK * , which is a pure penguin process like B → φK S . In standard model, the predicted A CP (B → φK * ) is less than 1%. We calculated such asymmetries and also the branching ratio for the set of parameters allowed by B → φK data. At µ = m b , for both LR and RL mass insertion, we observed that the predicted branching ratio is well above the experimentally measured one. On the other hand, at the QCD scale µ = m b /2 with LR mass insertion, we found that the theoretically computed branching ratio is consistent with the data with in one sigma error. At this second choice of allowed parameter space of δ bs LR(RL) , we found A CP (B + → φK * + ) in the range 15% to 20%, which is significantly higher than the standard model prediction but is still consistent with the present data. Finally, we also presented helicity dependent CP asymmetries in the same parameter space of δ 
